Fractionation response and repair kinetics of radiation-induced heart failure in the rat.
Local heart irradiation with single or fractionated doses leads to heart failure after dose-dependent latency times. Clinical symptoms of heart failure are dyspnoea at rest, apathy and subcutaneous oedema. Animals autopsied when they presented with these symptoms, have a congested liver and occasional pleural effusions. The left ventricle is dilated, showing a reduction in wall thickness by 15-17% of control values. Histological examination reveals a focal degeneration and necrosis of about 23% of the total myocardial volume. Loss of alkaline phosphatase activity from myocardial capillaries, which is known to precede myocardial degeneration, involves 77% of the myocardium. These findings at the time of manifest heart failure are constant, independent on whether injury to the heart was inflicted by single-dose or fractionated irradiation or whether heart failure developed within a relatively short time after high total doses or within many months after low total doses. The latent time of heart failure therefore can be considered an appropriate endpoint for comparison of treatment groups. From experiments giving 1, 2, 4, or 10 dose fractions, a low alpha/beta ratio of 3.7 Gy (95% confidence interval 1.8-5.6 Gy) can be calculated. When the time interval between dose fractions is varied in a split-dose experiment, time intervals of up to 3 h do not increase the survival time significantly. This appears to indicate very slow repair of sublethal damage. On the other hand, it cannot be excluded that pathogenetic mechanisms independent of cell death in the renewing cell population contribute to this effect, making an interpretation of the alpha/beta ratio in terms of cell survival parameters of a defined target cell population difficult.